Although the functions of sleep remain unknown, growing evidence suggests a link between sleep homeostasis and synaptic plasticity.
h i g h l i g h t s
Although the functions of sleep remain unknown, growing evidence suggests a link between sleep homeostasis and synaptic plasticity.
Using high-density EEG, it is shown that sleep slow waves may mediate a postsleep decline in the amplitude of the human auditory evoked potential.
These results raise the possibility that auditory evoked potentials may be used as a measure of sleep homeostasis.
a b s t r a c t
Objective: It has been hypothesized that slow wave activity, a well established measure of sleep homeostasis that increases after waking and decreases after sleep, may reflect changes in cortical synaptic strength. If so, the amplitude of sensory evoked responses should also vary as a function of time awake and asleep in a way that reflects sleep homeostasis. Methods: Using 256-channel, high-density electroencephalography (EEG) in 12 subjects, auditory evoked potentials (AEP) and spontaneous waking data were collected during wakefulness before and after sleep. Results: The amplitudes of the N1 and P2 waves of the AEP were reduced after a night of sleep. In addition, the decline in N1 amplitude correlated with low-frequency EEG power during non-rapid eye movement sleep and spontaneous wakefulness, both homeostatically regulated measures of sleep need. Conclusions: The decline in AEP amplitude after a night of sleep may reflect a homeostatic reduction in synaptic strength. Significance: These findings provide further evidence for a connection between synaptic plasticity and sleep homeostasis. Ó 2011 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
Sleep pressure increases with the duration of prior wakefulness and declines with sleep, a process known as sleep homeostasis. During non-rapid eye movement (NREM) sleep, the EEG is characterized by the occurrence of large amplitude slow waves. These events reflect near-synchronous slow oscillations (<1 Hz) in the membrane potential of cortical neurons, which alternate between a hyperpolarized down state, characterized by neuronal silence, and a depolarized up state, with elevated rates of neuronal firing (Steriade et al., 1993; Amzica and Steriade, 1998; Vyazovskiy et al., 2009) . Slow wave activity (SWA, the NREM EEG power between 0.5 and 4.5 Hz) is a well established marker of sleep need, as it increases in proportion to the duration of prior wakefulness, declines during sleep, and is reduced by naps (Borbé ly, 1982; Werth et al., 1996; Rusterholz et al., 2010) . In the waking EEG, low-frequency power (<9 Hz) also increases with time spent awake, suggesting that, during sleep and wakefulness, lowfrequency power might reflect sleep homeostasis. Previous studies have provided evidence for this relationship by establishing a correlation between the rise in low-frequency power during wakefulness and the subsequent increase in SWA during NREM sleep (Finelli and Baumann, 2000; Vyazovskiy and Tobler, 2005) . However, mechanism responsible for the homeostatic regulation of the low-frequency EEG power remains unknown. 
